To determine if paclitaxel added to ifosfamide as first-line treatment for advanced uterine carcinosarcoma (CS) improves overall survival (OS), progression-free survival (PFS), response, and toxicity.
INTRODUCTION
Patients with previously untreated disseminated carcinosarcomas of the uterus respond less frequently to chemotherapy than those with uterine carcinomas 1 and have short survivals. Previous Gynecologic Oncology Group (GOG) studies investigating a number of single agents have reported the following response rates: etoposide (7%) 2 ; doxorubicin (10%) 3 ; cisplatin (18%) 4 ; ifosfamide (32%, 5 36% 6 ), and topotecan (10%). 7 Although the combination of ifosfamide and cisplatin in a prior GOG study produced superior response rates compared with ifosfamide alone, there was no survival advantage. 6 A recent GOG study of paclitaxel to treat this disease was noted to have moderate activity (18% response rate). 8 The current randomized trial of ifosfamide alone versus ifosfamide plus paclitaxel sought to compare response, progression-free survival (PFS), and overall survival (OS) in women with disseminated carcinosarcoma of the uterus. Because of previously reported toxicity (primarily neurotoxicity) when ifosfamide was administered as a 5-day regimen, 5,6 a 3-day schedule was used in this trial. The ifosfamide starting dose was 1.6 g/m 2 in the combination arm due to reported toxicity and possible treatment-related deaths in the previous GOG randomized trial. 6 There are relatively few other references to specific chemotherapy regimens (with or without radiation) for carcinosarcoma. In our study, ifosfamide alone was selected as the control arm to assess the impact on survival (the primary end point) of adding paclitaxel while maintaining a tolerable level of toxicity.
PATIENTS AND METHODS

Patients
Eligible patients had primary, histologically confirmed heterologous or homologous carcinosarcoma (mixed mesodermal tumors) of the uterus. On central review, primary cell type and extent of disease was confirmed by the GOG pathology committee. Patients were to have stage III or IV, persistent, or recurrent disease not amenable to curative intent by other means. All patients had measurable disease in two dimensions by palpation, x-ray, magnetic resonance imaging, computed tomography, or ultrasound with a minimum measurement of 1 cm by imaging. Patients were to have adequate bone marrow function, with an absolute neutrophil count of Ն 1,500/L, platelets Ն 100,000 L, creatinine Յ 2 mg %, or creatinine clearance Ն 50 mL/min, with bilirubin Յ 1.5ϫ normal, AST Յ 3ϫ normal, and serum albumin Ն 3 g/dL.
Patients were required to have a GOG performance status of 0 to 2. At least 6 weeks must have passed since prior radiotherapy (RT) for the current malignancy and at least 3 months must have passed since RT to the site of current measurable disease. Patients who had received prior chemotherapy for uterine carcinosarcoma were ineligible, as were those with septicemia, severe infection, acute hepatitis, or GI bleeding, or a performance status of 3 to 4. Patients having other invasive malignancies (with the exception of nonmelanoma skin cancer), prior or current evidence of other cancer within 5 years, or any previous cancer therapy determined to be a contraindication for this protocol, were ineligible. Patients could not have a history of congestive heart failure, unstable angina, or myocardial infarction within the last 6 months. The institutional review boards of participating institutions approved the protocol before enrolling any patient, and all patients signed an informed consent consistent with all federal, state, and local requirements, before study entry.
Chemotherapy
Study drugs were available commercially. Patients randomly assigned to arm 1 (ifosfamide alone) received ifosfamide 2.0 g/m 2 intravenously (IV) daily for 3 days every 21 days for eight cycles. The starting dose was 1.2 g/m 2 for patients who had received prior RT. Mesna was administered either IV or orally. The IV administration consisted of 2 g IV during 12 hours beginning 15 minutes before the ifosfamide infusion; for oral administration, the total dose was to be 4 g in three divided doses of 1.33 g administered 1 hour before and 8 hours after the ifosfamide infusion for 3 days. For arm 2 (the combination regimen), ifosfamide was to be administered at a dose of 1.6 g/m 2 daily for 3 days (or was reduced to 1.2 g/m 2 for patients who had received prior radiation). Paclitaxel 135 mg/m 2 during 3 hours IV was administered on day 1. Mesna was to be administered as indicated for arm 1. Filgrastim 5 g/kg/d was begun on day 4 until the granulocyte count was Ն 2,000/m 2 . The suggested premedication for paclitaxel was dexamethasone 20 mg orally or IV 12 and 6 hours before paclitaxel, diphenhydramine 50 mg IV 30 minutes before paclitaxel, cimetidine 300 mg IV 30 minutes before paclitaxel, or ranitidine 50 mg IV 30 minutes before paclitaxel. Patients on both arms were to receive a maximum of eight cycles of protocol therapy unless disease progression or adverse effects prohibited additional treatment.
Depending on toxicity, ifosfamide was to be reduced in 0.4 g/m 2 decrements and paclitaxel was to be reduced to 100 mg/m 2 . If hematologic toxicity was grade Յ 1, ifosfamide was to be escalated to a maximum of 2 g/m 2 and paclitaxel was to be escalated to a maximum of 200 mg/m 2 . No subsequent chemotherapy was to be administered until the absolute neutrophil count was Ն 1,500/L and platelets were Ն 100,000/L. If therapy was delayed for myelosuppression, weekly recounts were obtained. For nonhematologic toxicity, doses were to be reduced by one level for microscopic hematuria. The dose was held until serum albumin Ն 3 g %. If grade 2 ifosfamide-related neurologic symptoms (such as confusion) developed, ifosfamide was to be reduced one dose level. Study therapy was discontinued for the following reasons: treatment delay lasting 6 weeks or more due to myelosuppression; persistent low (Ͻ 3 g %) serum albumin unresolved after 6 weeks; recurring grade 2 ifosfamide-induced neurologic symptoms despite dose reduction; development of grade 3 or 4 neurotoxicity; and disease progression.
Outcome Parameters
Patients without repeat assessments due to reasons related to their disease were considered inassessable for response and were included in the no response category. Response was defined as follows: complete response was the disappearance of all gross evidence of disease lasting for at least 4 weeks; partial response was a reduction of 50% or greater in the bidimensional product from measurement of each lesion sustained for at least 4 weeks; increasing disease was a 50% or greater increase in the product from any lesion or the appearance of any new lesion(s) within 8 weeks of entry onto the study. Stable disease was any condition not meeting any of the above criteria.
PFS was the length of time a patient survived from study entry without tumor progression (defined as reappearance or increasing disease). Patients alive without tumor progression are censored at the date of last contact. OS was defined as the observed length of life from study entry to death as a result of any cause or, for living patients, the date of last contact. All adverse events believed to be related to protocol treatment were assessed according to the GOG Common Toxicity Criteria.
Statistical Considerations
The GOG Statistical and Data Center randomly assigned therapy to each patient. Random assignment was carried out with equal probability of assignment to each treatment regimen using a balanced block randomization to balance assigned treatment regimens within strata defined by institution and performance status (0 to 1 or 2). Within each parent institution, separate treatment blocks were maintained for patients with performance status 0 to 1 and performance status 2. The treatment assignment was concealed from the institution and the patient until telephone registration with verification of eligibility.
The primary end point for comparison of the treatment regimens was OS; treatment-related toxicity, PFS, and clinical response were secondary end points. One hundred forty-six deaths would provide statistical power of 90% to detect a proportional decrease of 38.5% in the death hazard when testing at the level of .05 with a one-tail test. 9 Although a one-tail testing procedure was chosen for the purposes of study design and analyses, all significance levels provided in this report are based on two-tail tests. The P values reported for all analyses are unadjusted for multiple comparisons. This report includes 150 deaths, with a median follow-up of 20 months among living patients. An interim futility analysis 10 of OS with 81 reported deaths was reported to the data monitoring committee in June 2002.
The intention-to-treat principle was applied in treatment group comparisons of OS, PFS, and clinical response after excluding ineligible patients. A log-rank test 11 stratified by performance status was used to test the independence of treatment with PFS and OS. The product-limit method 12 was used to estimate the cumulative probability of PFS and OS. The treatment effect on PFS and OS, stratified by performance status, was estimated using a Cox proportional hazards model. 13 Treatment hazard ratios with 95% CIs are reported. Explorations analyses using proportional hazards regression models of clinical, pathologic, and host characteristics were carried out to identify putative prognostic factors and for crude assessment of the heterogeneity of treatment effects. An exact test 14 stratified by performance status was used to test the independence of treatment with clinical response. The conditional maximum likelihood estimate of the common relative odds ratio is reported with exact 95% confidence bounds. 15 In addition, toxicity analyses included only patients who received assigned treatment. The Kruskal-Wallis test with correction for numerous ties was used to compare the frequency and severity of treatment-related toxicity between treatment arms.
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RESULTS
During the period from November 1997 to April 2004, 214 women were enrolled onto this phase III study, 35 of whom were deemed ineligible (17 randomly assigned to arm 1 and 18 randomly assigned to arm 2). The reasons for exclusion include wrong cell type (n ϭ 15 in each arm), wrong stage (n ϭ 1 in each arm), primary disease not documented (n ϭ 1), and required pre-entry tests not done (n ϭ 2). Among the 30 patients deemed ineligible due to wrong cell type, the slides representing 22 individuals were found by central pathology review to have no sarcomatous component and the slides representing eight individuals were considered to be purely sarcoma on central review. Thus, 179 (91 in arm 1 and 88 in arm 2) were eligible and constitute the basis of this report.
Patient characteristics are listed in Table 1 . There is an imbalance between treatment arms with respect to site of disease, with measurable disease confined to the pelvis in 23% of patients in arm 1 compared with 37% of patients in arm 2. For both arms, the median age is 64 years and the median body-surface area is 1.75 at study entry. A history of prior radiation therapy was reported in 38% of patients in arm 1 and in 30% of patients in arm 2. Approximately 52% of patients in this study had recurrent disease; of those, the median time to recurrence (before enrolling onto this study) was 8 months (range, 1 to 121 months).
Four patients (arm 1, n ϭ 3; arm 2, n ϭ 1) never received any protocol chemotherapy. The median total dose of ifosfamide received was 14.6 g/m 2 (arm 1) and 25.0 g/m 2 (arm 2); the total doses received were 1,784 g/m 2 (arm 1) and 2,170 g/m 2 (arm 2). Table 2 illustrates that 34% of eligible patients completed all eight cycles; however, the percentage varied by treatment arm. Patients in arm 1 tended to discontinue protocol therapy early due to progression (54%) compared with those in arm 2 (33%).
Toxicity is summarized for all patients who received any study drug in Table 3 . One patient in arm 2, for whom toxicity data was not reported, was not assessable. Arm 2 produced more frequent alopecia (grade 1 to 2; 40% v 58%) and more frequent and severe sensory neuropathy compared with arm 1 (grade 1 to 4; 8% v 30%), although detailed information regarding duration of this effect was not collected. In addition, arm 2 produced more frequent thrombocytopenia (11% v 46%), but it was seldom severe. There was very little difference between the arms with respect to neutropenia.
Response rates (complete response ϩ partial response) stratified by performance status are listed in Table 4 . The crude proportion of responding patients was 0.29 in arm 1 and 0.45 in arm 2. After stratifying by performance status, the odds of response in patients in arm 2 is 2.21 times that of patients in arm 1 (95% CI; 1.12 to 4.43; P ϭ .02). Thus, ifosfamide plus paclitaxel is superior to ifosfamide alone with respect to probability of response. Response did not vary significantly with site of disease or prior radiation.
There is a statistically significant difference in PFS when comparing the two regimens (Fig 1) . The crude median PFS for arm 1 was Abbreviations: GOG, Gynecologic Oncology Group; MMT, malignant mesenchymal tumor; RT, radiation therapy. 3.6 months compared with 5.8 months for arm 2. The risk of progression or death relative to arm 1 stratified by performance status is 0.71 (95% CI, 0.51 to 0.97; P ϭ .03). This relative hazard estimate results in an increased percentage (from 50% to 61%) of patients surviving at 3.6 months.
There is also a statistically significant difference in OS between the two regimens (Fig 2) . The crude median OS for arms 1 and 2, respectively, was 8.4 and 13.5 months. The risk of death relative to arm 1 stratified by performance status is 0.69 (95% CI, 0.49 to 0.97; P ϭ .03). This relative hazard estimate translates as an increased percentage, from 50% to 62%, of patients surviving at 8.4 months.
The majority of deaths were attributed to uterine carcinosarcoma. There was one death in arm 1 in which protocol treatment may have been contributory. This patient was found to have a bowel obstruction and sepsis, followed by death, after one cycle of protocol therapy.
In exploratory analyses, after adjusting OS and PFS for treatment regimen and performance status, no other prognostic factors were significant at the P ϭ .05 level. Factors tested included time to initial recurrence, pelvic metastasis, lung metastasis, sarcomatous elements (homologous v heterologous v unspecified), prior RT, race (white v black v other), site of disease (pelvic v extrapelvic v pelvic ϩ extrapelvic), and age at study entry.
The log of the treatment hazard ratio estimates for OS and PFS did not differ from the primary analysis estimates by more than 7% after adjusting for prior radiation and for extrapelvic and combination pelvic and extrapelvic sites of disease. Similarly, the estimates of the log odds of response to treatment did not differ by more than 4% after adjusting for radiation treatment and for sites of disease.
DISCUSSION
To our knowledge this is the first randomized prospective trial in uterine carcinosarcoma that clearly demonstrates a superior OS for combination chemotherapy compared with single-agent treatment. This conclusion is not altered when the analysis of the treatment effect is adjusted for prior radiation therapy and for sites of disease.
In an earlier GOG trial, there was no evidence of a survival advantage for the combination of 5-day ifosfamide and cisplatin compared with 5-day ifosfamide alone. 6 In our trial, the toxicity of 5-day ifosfamide, especially neurotoxicity, was virtually eliminated by the 3-day ifosfamide regimen used in both arms.
In this trial, in which ifosfamide alone was inferior to ifosfamide and paclitaxel, it has to be emphasized that ifosfamide was administered in the 3-day schedule, albeit with a slightly higher dose of 2 g/m 2 /d for 3 days in the single-agent arm versus 1.6 g/m 2 /d in the combination arm. The higher ifosfamide dose as a single agent was chosen to balance the presumed more toxic combined arm of ifosfamide plus paclitaxel. It is unrealistic to contemplate that a randomized trial of 3-v 5-day ifosfamide will be conducted in patients with this rare tumor. Although the results of the present study speak for themselves, rigorous assessment of the role of ifosfamide in relation to platinum, taxanes, and various combinations is a challenge without a ready solution.
Because carcinosarcomas have, by definition, an epithelial component as well as a sarcomatous component, the question arises whether regimens should be designed based on the chemotherapeutic experience with uterine adenocarcinoma plus agents directed at the sarcomatous element. Paclitaxel has been determined to be highly active as both first-and second-line therapy in endometrial adenocarcinoma. 17, 18 In addition, a recent GOG trial has established the triple combination of doxorubicin, cisplatin, and paclitaxel as the standard that now is being compared to carboplatin and paclitaxel in endometrial cancer. 19 However, doxorubicin does not seem to be highly active in carcinosarcoma. 3 In addition, the ability to combine multiple cytotoxic agents in effective doses is limited. Clearly, such a differential drug effect with respect to the two cellular elements of this cancer is speculative.
Quality-of-life assessments were not made as this was not a component of all GOG trials at the initiation of this study. However, the reported toxicity of the combination arm, in general, was tolerable and minimal. Future trials, as appropriate, will have a quality-of-life assessment tool.
The current GOG phase II chemotherapy trial uses docetaxel plus gemcitabine in patients with one prior chemotherapy regimen. If the results are promising, it is likely that the next phase III trial will be a comparison of 3-day ifosfamide and paclitaxel compared with docetaxel and gemcitabine. As an alternative, comparison with carboplatin and paclitaxel might be considered; that regimen has reached first-stage accrual in a current phase II trial in the patient population described in this report, and is being used in the current phase III endometrial adenocarcinoma trial.
More active agents certainly are needed for this disease, and it seems premature to suggest the use of the present regimen as adjuvant therapy outside a clinical trial. Nevertheless, for chemotherapy of advanced uterine carcinosarcoma, the results of this trial indicate that 3-day ifosfamide plus paclitaxel should be used for comparison to other promising chemotherapy regimens. 
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